T wins, due to their unique genetic and environmental relationships, have provided crucial insight in our understanding of genetic contributions to numerous etiologically complex disorders in developed countries. As the leading cause of death and adult disability, cardio-and cerebrovascular diseases are common in China, followed by cancer. Obesity and psychological disorders are increasing. The overall goal of this program is to develop a resource for genetic epidemiologic studies of these and other common and complex diseases in China. Our initial focus is to delineate the genetic and environmental determinants of vascular diseases in general, coronary artery disease (CAD) and stroke in particular. To date, we have over 4500 twin pairs registered and about 700 twin pairs studied for various metabolic traits (e.g., lipids, glucose, insulin, etc.). The long-term plan of this program is to (1) establish a population-based twin registry from several selected regions in China for future studies of specific common complex diseases; (2) conduct detailed phenotyping for clinical and intermediate traits related to cardiovascular diseases; (3) expand studies of twins to twin families by including their parents, siblings, and offspring for genetic linkage and association studies; and (4) follow up twins in the registry longitudinally. The goals of the program are health education and promotion of healthy behavior, early identification of cases to provide timely medical attention, and the evaluation of long-term effects of identified risk factors. We want to develop collaborations with investigators who have expertise in cancer, psychological disorders, and other disease areas.
Family studies of human traits can help answering three questions: first, whether a given phenotypic trait is genetically influenced; second, what is the mode of inheritance? And third, where on the human chromosomes disease susceptibility or trait-influencing genes are located and what specific genetic variants are responsible? Twin data are traditionally used to answer the first question by measuring the relative contribution of genes and the environment to the phenotype under investigation. With the development of the human genome project, twins can also be used to answer the third question by performing linkage and linkage disequilibrium mapping in a large number of extreme concordant and/or discordant dizygotic twin pairs. Compared with the standard sib-pair design, dizygotic twins have the advantage of being the same age and presumably were exposed to a more similar environment than non-twin sib pairs.
Findings of significant heritability in one population may not necessarily be extrapolated to a second population in which there are differences in exposure to relevant environmental factors. Replication of twin studies in different countries provides one way to study such interactions between genes and environment. Unfortunately, population-based twin registries from Asia, especially China, are currently underrepresented.
Therefore, we began to establish a population-based twin registry in China to provide a long-term special population resource for genetic epidemiologic studies of etiologically complex diseases and related phenotypes. The initial focus will be studying stroke-and CAD-related traits.
Based on a conservative estimate (see below), the total number of existing twins available for study is remarkable. In China, especially in rural areas, the population is relatively stable in comparison with Western countries, and residence information is thoroughly monitored by neighborhood committees, primary health care networks and public security bureaus. Given the necessary resources we propose to achieve the initial goal of registering approximately 45,000 twin pairs in five years. Preliminary data from Qingdao City, Shandong Province has demonstrated feasibility and will serve as a model for other areas.
Cardiovascular and cerebrovascular diseases are major public health problems in China. Epidemiological surveys in China have shown that the prevalence of hypertension has increased 25% from 1980 to 1991, and the current prevalence rate is 13.6% in the general population aged 15 years and older (Wu et al., 1993) . The incidence of hypertension is 1%, so there are about 3.5 million new cases every year in China. In both rural and urban areas, stroke is the leading cause of death in China. The death rate from stroke was 134.59/100,000 in urban and 110.92/100,000 in rural [1991] [1992] [1993] [1994] [1995] [1996] . Thus, prevention of cardiovascular and cerebrovascular diseases is a major public health task in China.
To our knowledge, no large-scale genetic epidemiological study has been conducted for stroke or CAD in China. The NIH-funded large scale and multi-ethnic genetic epidemiological studies in the United States will provide some important etiological insight in these disorders, but Chinese in China have a different genetic background, and are exposed to different environmental risk factors. Comparison between Chinese in China and Chinese Americans may help us untangle the complex interaction between gene and environmental factors in the development of CAD and stroke. Important risk factors for Americans may or may not apply to Chinese in China. Therefore, it is extremely important to conduct large-scale, well-designed, genetic epidemiological studies to investigate both genetic and environmental risk factors and their interactions in the Chinese population in China.
In this article, we will summarize the status of this program after its first year with the financial support from the China Medical Board, New York. No scientific results have been generated from this program yet. However, the valuable experience gained during the initial stage will accelerate the establishment of successful twin registries in China. We provide the results of the registration of twins from one study region, Qingdao (Shandong), and the detailed phenotypic investigations of a subset of those twins.
Design and Methods
The primary goal of this program is to establish a population-based twin registry from several selected regions representing north, south, urban, and rural areas in China. A secondary goal for the next five years is to study genetic contributions to cardiovascular diseases and related intermediate traits, and to test associations of candidate genes with these phenotypes. Therefore, in our study design we have built in several levels of involvement. All study protocols were reviewed and approved by the Ethics Committee for Human Subject Studies in Peking University Health Science Center.
Establishment of a Population-based Twin Registry from Four Cities/Provinces
We selected four large provinces/cities from both south (Shanghai, Zhejiang) and north China (Beijing, Shandong). Within each of these provinces/cities we intend to cover 10% of its population. Which villages or neighborhoods will be included will depend on the support of local government, availability of primary care network records, and quality of local medical and public health staff. In order to minimize selection bias, we plan to employ all of the following methods to identify twin pairs from the selected communities. In a particular location certain methods may play a more predominant role than others, but public media will not be the only mechanism used in any region. Neighborhood/village committees. Neighborhoods (villages in rural areas) are the primary community units, which are managed by the neighborhood/village committees. The committee keeps the household information of all the residents living within its neighborhood/village. The committee's function ranges from collecting water/electricity fees to coordinating census survey because they can contact all households in the neighborhood/village. Usually the committee members are composed of retired workers who have lived in the neighborhood/village for most of their lifetime and know most residents personally. Local health care networks. These networks are the fundamental mechanisms for government to implement public health related campaigns, such as vaccination, family planning, and disease surveillance. In many cases, the health care network works through neighborhood committee and local hospitals. Residence registry in the public security bureaus. Public security bureaus keep records on all residents in its serving areas, including birth, death, move-in, -out records. These records are required for school registration and employment. Therefore, Public security bureaus are likely to have complete records on residents in the region. Public security bureaus residence database can be used in a similar fashion as the DMV database used in the United States (Cockburn et al., 2001 ) to search for twins by matching on residence and birth date. Public media. Public media includes local newspapers, TV and radio stations. In this twin registry program, the public media will be used to educate the public and to solicit volunteers along with other methods mentioned above.
Demographic variables (birth date, gender, ethnicity, occupation) and contact information (address and phone number) for twin pairs were obtained from these sources. Only twins with both living co-twins who live in the twin registry coverage areas were included in the registry.
Detailed Phenotype Studies in a Subset of Twins Aged 25 Years or Older
Selected twin pairs were interviewed in person by community doctors and public health workers. All twin pairs where both twins signed the informed consent form were enrolled for participation. Specifically they completed the following protocols: Questionnaire. All recruited twins were interviewed by community doctors and staff. Questionnaire information included: 1. Questions designed to predict whether the twins are identical (monozygotic) or fraternal (dizygotic) and whether they have shared the same environment as they grew up. 2. Demographic information -birth date, gender, education, occupation, marital status. 3. Life style -smoking, drinking, physical activity.
4. Medical history -regarding common chronic diseases, age of onset, treatments. 5. Family history -including parents, siblings, and children: whether they are still living and their residence and presence of common chronic diseases and ages of onset. For the deceased family members, age at death and cause of death were obtained.
Physical examination and collection of fasting blood sample. We measured weight, height, blood pressure, waist/hip ratio, and collected fasting blood samples. Biochemical measures. Fasting lipids (TC, TG, HDL, LDL), lipoproteins, glucose, insulin, homocysteine were analyzed. All laboratory analyses were performed in Peking University Health Science Centre with WHO approved protocols. All phenotypic results were given to participants and if there were any abnormal findings, clinical advice was provided. After less than a year of data collection (the official starting date of this project was July 1, 2001), we have generated preliminary data for the initial registry and detailed phenotype studies of a long-term ambitious twin program. Table 1 lists the cities/provinces we have selected and the estimated numbers of living twin pairs and targeted number of twins based on 10% population coverage. These estimated numbers were based on the twin birth rate, population size and age distribution, and age-specific mortality as reported in the 1990 National Census in China (National Population Census Office of China, 1993).
Results

Distribution of Estimated Twin Pairs in the Selected Regions
Response Rate in Qingdao City, Shandong Province
Qingdao, one of cities in Shandong province, is the first location in which we conducted systematic enrolment based on the study design as discussed above. There are a total of 12 districts in Qingdao city. We have started to ascertain twin pairs in 10 districts ( Table 2 ). The first three districts are considered urban areas with 6% rural population, and the other seven districts are rural areas with 86% rural population. The estimated number of twin pairs in these districts is 16,954 based on its population size. Response rates of the registry by districts range from 10.5% to 81.3% by the end of 2001. Table 2 lists the response rate in each district of Qingdao city. Of 4374 registered twin pairs in Qingdao city, 70% were registered through local health care networks and neighborhood committees. The remaining 30% of twin pairs heard about our study through the public media.
Distribution of Registered Twin Pairs and Participation in Detailed Phenotypic Studies in Qingdao city, Shandong Province
The distribution of registered twins by age and gender is listed in Table 3 .
Out of 4374 twin pairs, 1248 are aged 25 or older. Among these 1248 twin pairs, 510 pairs were enrolled in the detailed phenotypic study by the end of 2001. The proportion enrolled for each age group is given in Table 4 .
The main reason for non-enrolment was that the field work was conducted on limited days and hours during the day (in the morning to obtain fasting blood) and many twins had difficulty fitting these fixed times into their work schedule. In addition, if only one twin could make it and the other could not, these twin pairs were not included in the registry nor in the detailed study. In general, twins were enthusiastic about this project; they appreciated the special attention paid to this special population and expressed the view that it was beneficial to receive a free physical examination and
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Zygosity of Enrolled Twins
By the end of 2001, besides 510 twin pairs enrolled from Qingdao, there were an additional 232 twin pairs recruited during the pilot stage for detailed phenotypic studies (202 from Lishui, Zhejiang province and 30 from Shandoing province). Therefore, we have collected a total of 742 twin pairs with detailed phenotypic information and blood samples. To determine zygosity, the ABO blood type was used for an initial screen, then DNA tests with higher specificity (99.99%) were performed. The distribution of zygosity by age and gender is listed in Table 5 . The zygosity distribution in this data set is consistent with that reported for the region (Gan & Zheng, 2001 ).
Discussion
During the first year of a 5-year project, we have registered 4576 living twin pairs (including 4374 from Qingdao and 202 selected samples from Lishui) and collected detailed phenotype data and DNA samples on 742 twin pairs. Our goal is to register 45,570 twin pairs in 4 provinces/cities of China. To achieve this goal we may have to expand coverage areas from 10% to 13-17% of the selected regions assuming 20-40% non-response rate. Our first year consisted of protocol developments, initial training of staff, and recruitment of twins. Now with the experience learned from the Qingdao site, and with trained staff, our registration rate will accelerate in the next four years. The response rate ranges from 10.5% to 81.3% across 10 districts in Qingdao city. These rates represent the work in progress after one year of ascertainment effort. We expect that the final response rate would be close to the higher value of this range by the end of this project. The goal of studying adult twins on cardiovascular disease associated metabolic traits is to estimate the genetic heritability of these traits in this population in order to determine phenotypes useful for further gene identification studies. The logic here is that if a trait is mainly influenced by environmental factors, the effort to identify susceptibility genes may be too great to be successful. Therefore, we will initially focus on those traits with significant genetic contribution for family studies as stated in the future objectives of this program.
The following two aims are designed to be part of this program and will be pursued at a later stage. 1. Expand twin studies to twin families by including their parents, siblings, and offspring for genetic linkage and association studies to identify disease susceptibility genes to risk conditions (e.g., elevated blood pressure, adverse lipid profile, and abnormal glucose level) for CAD and/or stroke with the candidate gene study approach. 2. Follow up twins in the registry longitudinally by various schemes based on age and risk factors (a) to provide health education and promote healthy behavior, (b) to identify early cases and provide timely medical attention, and (c) to evaluate long term effects of identified risk factors for CAD and stroke.
During this registration stage, we collected information about families and their medical histories to prepare for future disease specific genetic epidemiological studies. This initial success of the twin registry and the collection of phenotypic data and DNA samples provide us with an optimistic projection for continued success. We realize that the phenotypes studied at this stage are not comprehensive for studying either CAD or stroke, but this is the beginning of an expandable genetic epidemiology program. We can expand in CAD or stroke related areas (such as studying Carotid intima-medial wall thickness, body fat measurement) and/or to other diseases, such as cancers, obesity, osteoporosis, autoimmune diseases, and psychiatric disorders.
Any potential collaboration proposals are welcome and will be evaluated by investigators in this program on their scientific merit, relevance to the Chinese population, and availability of resources.
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